Numerous primary α,β-unsaturated heterocompounds, including the stannanes, are easily prepared in a two step reaction involving tin reagents: an exchange reaction between an α,β-unsaturated stannane and a heterohalide followed by the chemoselective reduction of the formed product by tributyl tin hydride. The gas phase acidity of the α,β-unsaturated stannanes determined by FT-ICR shows that the unsaturated derivativ es are more acidic than the corresponding saturated compounds. Similar properties are also observed with the corresponding silanes and germanes.
INTRODUCTION
The synthesis of monomeric heterocompounds bearing one or several hvdrogen(s) on the heteroatom is almost limited to derivatives with a heteroatom of columns 13-16 of the periodic Table. For most of the other elements, it is difficult to know if our inability to prepare such compounds can be only explained by the extreme instability of such species. The characterization of alkyl or vinylmercury hydrides 1 in the recent past as well as the characterization in gaseous phase of the cyclopentadienyl berylium hydride 2 more than two decades ago unambiguously show that the formation of low boiling hydrides of the column 1-12 is often limited by the lack of efficient approaches to these compounds.
Although the saturated derivatives of columns 13-16 are well-studied, the preparation of primary α,β-unsaturated derivatives is often much more difficult (as an example, ethynol or ethynylamine have never been fully characterized). Such unsaturated derivatives can be compared with those bearing a heteroatom of the first row, as the vinyl alcohols and vinyl amines. These latter compounds exhibit particular properties as tautomerism in the condensed phase, (Scheme 1) a phenomenon that can be explained by an increase of the acidity of the protons on the heteroatom. So, the preparation of new α,β-unsaturated heterocompounds is of a particular interest to determine if such properties can be generalized. We now report that the synthesis of primary α,β-unsaturated arsines, stibines or stannanes can be easily performed using tin reagents. We also show for the stannanes in the gas phase, that the presence of an α,β-unsaturated substituent leads to an increase of the acidity of the hydrogens on the tin atom.
RESULTS AND DISCUSSION
Preparation of primary a,ß-unsaturated heterocompounds.
In the last seven years, we reported the synthesis of primary α,β-unsaturated arsines, stibines and stannanes, prepared in a two step reaction involving tin compounds. The first step, the exchange reaction between an α,β-unsaturated stannane and a heterohalide easily leads to the corresponding unsaturated heterocompounds. We thus synthesized several new compounds as allenyl and 1-alkynyldichloroarsines or stibines or allenvltrichlorostannanes (Scheme 2). 4 
'
J.-C. Guillemin et al. The second step is the chemoselective reduction of such species. Using tributyltin hydride in the presence of a radical inhibitor (duroquinone) and a vacuum line, (Figure 1 ). we prepared several derivatives of new families of compounds. Among them, the vinvlarsines. 8 vinyl mercury hydrides, 1 1-alkynyl or allenylarsines, 5 vinyl-, 1 -alkynyl or allenylstibines, 6 and stannanes 7 were easily prepared (Scheme 3). All these compounds exhibit a quite low stability (τ 1/2 (2% in CDC1 3 at room temperature): 0.2-2 hours) but, except the vinyl mercury hydrides, they are more stable than the corresponding vinyl alcohols and vinyl amines. Gas-phase acidity of a,ß-unsaturated heterocompounds. A few years ago, we studied the increase of acidity between saturated and α,β-unsaturated amines, phosphines and arsines. 10 In the gas phase, the structure and acidity of these compounds were analyzed through the use of G2 ab initio calculations and the examination of experimental data obtained by means of FT-ICR mass spectrometry techniques. The α,β-unsaturated amines, phosphines, and arsines are significantly more acidic than the corresponding saturated analogues The enhanced acidity of unsaturated compounds can be attributed essentially to a stabilization of the anions because of a favorable interaction of the XH" group with the C-C multiple bonds. This stabilizing effect is maximum for amines and minimum for arsines (Table 1) . This higher acidity of the unsaturated derivatives is also observed in the condensed phase. Thus 1-alkynylphosphines or arsines easily rearrange into the corresponding phosphaalkvnes 1 la or arsaalkynes 1 lb in the presence of a base in a solvent or in VGSR conditions (Scheme 4).
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Gas-Phase Acidity of Primary a,ß-Unsaturated
Gertnanes and Stannanes
On the other hand, when the rearranged product is very unstable (phosphaalkenes and arsaalkenes). it can be generated in situ by reaction of the α,β-unsaturated phosphine and arsine respectively with a Lewis base and immediatly trapped with a nucleophile (Scheme For the corresponding hydrocarbons, such properties are also observed in the condensed phase and the acidic character of allylic or propargylic hydrogens is well known. In the gas phase, an increase of acidity has also been observed by FT-ICR spectrometry ( It was of interest to determine if a similar increase of acidity can be observed for the hydrogens on the heteroatom of derivatives of the Si, Ge and Sn elements as these hydrogens are usually considered as hydrides.
The synthesis of ethylsilane, germane and stannane and vinyl and ethynylsilane has been reported in the literature.
14 Our technique using a vacuum line lead to a short and We then performed an experimental FT-ICR study and ab initio calculations to determine the gas-phase acidity of saturated and unsaturated silanes, germanes and stannanes, as well as the structures of the corresponding neutral and ionic species. The results are reported on Table 3 . The effect of unsaturation on the intrinsic acidity of these compounds and the corresponding hydrocarbons was analyzed through the use of G2 ab initio and DFT calculations. In this way, it was possible to get a general picture of the acidity trends within group 14. As expected, the acid strength increases down the group, although the acidity differences between germanium and tin derivatives are already rafter small.
The carbon, silicon, germanium and tin α,β-unsaturated compounds are stronger acids than their saturated analogues. The acidifying effect of unsaturation is much larger for carbon than for Si-, Ge-, and Sn-containing compounds. The allyl anion is better stabilized by resonance than its Si, Ge, and Sn analogues, [CRf^CH^^CH^] vs [CH 2 "* n = CH* m -XH 2 Τ (X = Si, Ge, Sn). The enhanced acid strength of unsaturated compounds is essentially due to a greater stabilization of the anion with respect to the neutral, because the electronegativity of the α,β-unsaturated carbon group increases with its degree of unsaturation.
llie increase of acidity of compounds bearing an atom of column 14 and 15 can be compared (Table 4 ). The strongest increase of acidity is unambiguously observed for the derivatives with an element of the first row of the periodic Table. It is also clear that this increase is larger for phosphines and arsines than for silanes, germanes and stannanes.
J.-C. Guillemin et al.
Germanes and Stannaries We tried to determine if this increase of acidity for si lanes, germanes and stannanes could be observed in the condensed phase. In the first time, we compared in the Ή NMR spectra, the chemical shifts of the hydrogens on the heteroatom and, in the case of silicon and tin derivatives, the 'Jxh coupling constants. These data are reported in Table 5 . Unambiguously the presence of an unsaturated substituent leads to downfield chemical shifts, which can be attributed, for the derivatives of the same element, to an increase of the acidity. On the other hand, for silicon and tin derivatives, the increase of the coupling constants can be correlated with an increase of the s character of the Si-Η or Sn-H bond respectively. Similar conclusions can be done with the corresponding phosphines and arsines.
8 · 1 --13 On the contrary to the experiments performed on phosphines and arsines, attempts to rearrange the α,β-unsaturated germanes or stannanes in the condensed phase by catalytic amounts of a base in a solvent or by vaporization on a solid base (VGSR conditions) were unsuccessful. In agreement with these results, the hydrogens on the heteroatom of silanes, germanes and stannanes are usually considered as hydrides and not as acidic protons. However, a very important difference for these compounds between the gas phase (where the compound is free of any interaction) and the condensed phase has been evidenced.
In summary, as for amines, phosphines and arsines, we have shown that unsaturated silanes, germanes and stannanes are unambiguously more acidic in the gas phase than the corresponding saturated derivatives. However we cannot conclude if such a property is true for any heterocompound bearing hydrogens on the heteroatom. The extension of this study to thiols, selenols and tellurols is currently under progress in our laboratories.
